Ecosystems are sources of services such as food, water, timber, firewood, health, and spiritual benefits. The unsustainable human use of ecosystems has led to significant declines in the capability of these ecosystems to provide services. In contribution to the preservation of ecosystems, this study aims to assess the potential ecosystem services delivered by plant communities of the Pama partial fauna reserve using indigenous knowledge. Therefore, ethnobotanical surveys were conducted in the surrounding villages of the reserve. Fifty open-ended interviews were used to record the services provided by woody species. Each service quoted during the interviews was classified into one of the four categories of ecosystem services (provisioning, regulating, supporting, and cultural services) as the interview progressed. Formulas were developed to assess the potential services provided by the plant communities of the reserve. The results indicate that seventy-seven woody species provide twenty services, which are divided into the four categories of ecosystem services. The Terminalia avicennioides and Schizachyrium rupestre community contributes the most to the delivery of potential ecosystem services. This importance underlines the community's potential vulnerability due to its likely intense use by the local people. This study highlights the most important factors for successful habitat preservation in the context of the ecosystem service approach by determining the plant communities that contribute the most to social welfare.
Introduction
Ecosystems provide a wide range of benefits to humanity, including food, drinking water, health, and spiritual benefits (Costanza et al. 1997; De Groot et al. 2002; Dabouineau & Ponsero 2009; Limoges 2009; Fisher et al. 2010) . Particularly, in the Sudanian eco-region, the human well-being depends heavily on the benefits provided by agroecological systems (Devineau et al. 2009 ). The use of most of these ecosystem services has increased rapidly in recent years and continues to grow. Human activities and unsustainable uses of ecosystems have led to significant declines in the capacity of these ecosystems to provide the desired services (MEA 2005) . The consequences of these actions cause ongoing decreases in biodiversity, leading to habitat degradation and the loss of species (Clerici et al. 2007) . The global rate of species extinction is estimated to be 50-100 times higher than the natural rate of extinction (Riera & Alexandre 2004) . Ten percent of plant species are predicted to become extinct from 1970 to 2050 due to habitat loss (Dabouineau & Ponsero 2009 ). Many habitat changes threaten life in general and human existence in particular. Approximately, 60% of the ecosystem services are being degraded or used unsustainably (MEA 2005) .
To face these rapid changes, scientists and stakeholders must convince policy makers to protect biodiversity. Thus, a new approach in the field of ecology was developed between 1995 and 2005: the 'ecosystem services' assessment (Dabouineau & Ponsero 2009 ). Ecosystem services are defined as the benefits that people obtain from ecosystems (MEA 2005) . Ecosystem services are classified into four categories: provisioning services such as food, water, timber, and fiber; regulating services that affect climate, floods, disease, wastes, and water quality; cultural services that provide recreational, aesthetic, and spiritual benefits; and supporting services such as soil formation, photosynthesis, and nutrient cycling (MEA 2005) . The concept of ecosystem services provides a framework through which the use of biodiversity and other natural resources may be wisely managed (Wallace 2007) .
Several previous studies (Luck et al. 2003; Balvanera et al. 2006; Costanza et al. 2007 ) have investigated the relationship between biodiversity and ecosystem services to determine the role of biodiversity in ecosystem functioning. However, these studies did not consider the human uses of biodiversity, despite the negative impacts that human actions may have on ecosystem functioning. Indeed, the sixth crisis of extinction is closely linked to the appearance and expansion of Homo sapiens sapiens (Levrel 2007) . The basic needs of the human population can be characterized and employed as guidelines by governments to improve human well-being via ecosystem conservation. According to Mbayngone and Thiombiano (2011) , many natural resource management projects have failed because they did not take the local population needs into account. The key roles of the residents of the surroundings of protected areas in the protection of these areas must be recognized, and their socioeconomic value must be appreciated. As explained by De Groot et al. (2002) , social values and perceptions are important for determining the importance of natural ecosystems and their functions to human society. The benefits of natural ecosystems are often not fully understood, and multifunctional landscapes continue to be converted into simpler, often single function land use types or wastelands (De Groot 2006) .
The natural ecosystems in Burkina Faso are mostly dominated by savanna vegetation (Fontès & Guinko 1995) , which is a tropical formation with a grass stratum that is continuous and important with varying degrees of tree and shrub cover. Woody species represent key resources for local people, and most of them can identify these species (Lykke 1998; Sieglstetter & Wittig 2002; Lykke et al. 2004 ). Furthermore, woody plants play an important ecological role and represent the permanent components of plant communities throughout the year. These plants provide good conditions for the development of herbaceous plants by ameliorating microclimatic conditions and increasing soil fertility, and these plants supply fodder for wildlife during the dry season (Lykke et al. 2004; Mbayngone et al. 2008) . According to Lykke (2000) , a decline in the woody vegetation leads to the marked deterioration of some of the most useful natural resources with an obvious impact on the daily lives of local people. People express their interest in the status of woody vegetation and a wish for an improved management strategy. Therefore, a study on woody species can provide a framework for a better management of natural resources.
Unfortunately, the natural vegetation is impoverished. As an example, more than 14.5% of savanna vegetation within the 30-km-wide buffer surrounding the outer perimeter of the W-Arly-Pendjari ecological complex was lost from 1984 to 2002 (Clerici et al. 2007 ). However, the habitats and species diversity in the reserves and national parks have been preserved (UNEP-WCMC 2004) . In Burkina Faso, several previous studies have indicated that the protected areas are safe sites for biodiversity Ouédraogo et al. 2008) . One of the most well-known protected areas, the Pama partial fauna reserve (Burkina Faso/West Africa), was chosen for this study due to its international importance in wildlife conservation. The reserve is among the protected areas that provide a habitat for a large number of mammals, such as elephants, buffalos, and lions, in the country. Several threatened woody species are also preserved in this reserve, and the natural stands of plant communities are stable . Additionally, some customary rights are allowed to the surrounding population according to the framework of the reserve natural resource management. These customary rights concern the harvesting of leaves, roots, and barks for traditional medicinal use, the exploitation of baobab fruits, the mowing of straw, and the collection of firewood for domestic uses Nacoulma et al. 2011) . Therefore, the plant communities of the reserve can be used to represent the potential ecosystem services in the reserve, and quantifying all the potential ecosystem services generated by the reserve to support conservation measures is a pressing matter.
This study focuses on the indigenous knowledge of the benefits on woody species in the surrounding villages of the Pama partial fauna reserve. Specifically, this study aims (1) to conduct an inventory of the services provided by woody species based on indigenous knowledge and (2) to assess the potential services provided by the plant communities in the reserve. The methods outlined after the study area description explain the techniques used to record the species services, the data sources for the plant communities and the formulas developed to assess their potential services. The results are then presented, and a discussion of the species uses and the factors that explain the ability of plant communities to provide potential services are also provided. Finally, the conclusions of the work and their implications for conservation are presented.
Study area description
The study was conducted in the Pama partial fauna reserve (11°22ʹ-11°57ʹN and 0°39ʹ-1°30ʹE), an area located in south-eastern Burkina Faso that comprises 275,444 ha ( Figure 1) . The area has a Sudanian climate with two seasons: a dry season lasting approximately 6 to 7 months and a rainy season lasting 5 to 6 months. The annual mean rainfall average from 1981 to 2013 was 809.3 mm. The largest ethnic groups in the surrounding areas of the reserve are the Gourmantché, Mossé, and Fulani. All of these groups survive primarily from subsistence agriculture and extensive livestock breeding. The reserve belongs to category IV according to the International Union for Conservation of Nature nomenclature of protected areas. Its main objective is the management of natural resources and their protection. Livestock grazing and traditional hunting are prohibited in the reserve. Conversely, hunting for recreational purposes and tourism are organized each year from December to May. Nevertheless, poaching, illegal harvesting, and livestock grazing occur in the reserve Nacoulma et al. 2011) .
Methods

Ethnobotanical surveys
Open-ended interviews lasting approximately 1-1.5 hour were conducted in the surrounding villages of the Pama partial fauna reserve (Boubouanga, Boud-yiago, Bourahima, Dabilyima, Guematoogo, Marbori, Namaanou, Penkada, and Yipéna) to assess the services provided by woody species. Fifty informants were interviewed. The sample size of the interviews was based on the species accumulation curve employed by Kristensen and Balslev (2003) . During the surveys, the new species quoted by the informants were listed, and interviews were stopped when no new species were added after five consecutive interviews ( Figure 2 ).
The main data recorded were the usefulness of the species. The following question was then answered: what are the species and their uses in the various categories of ecosystem services? Each single use of a species was considered a service in agreement with Costanza et al. (1997) and Wallace (2007) , who consider both benefits and services to be ecosystem services. The species uses were recorded in each of the four various categories of ecosystem services as the interview progresses (Appendix 1 (Supplemental material) Interview guide). An understanding of which populations, species, or habitat types collectively produce ecosystem services (the 'ecosystem service providers' or ESPs) is essential for planning the sustainable management of ecosystem services (Kremen & Ostfeld 2005) . The species names were recorded in the local language of the informants. Subsequently, specimens of each quoted species were collected, and their scientific names were determined by comparing them to those of the herbarium of the University of Ouagadougou. The plant families and species names were updated following Thiombiano et al. (2012) (Appendix 1 (Supplemental material) Table S1 ). Descriptive statistics (percentages) were used to assess the importance of each species to each of the four ecosystem service categories.
Sources of data on plant communities
The potential services provided by the plant communities in the reserve were extrapolated from the services provided by the woody species quoted during the survey. Data on the plant communities, in the Pama partial fauna reserve, were then obtained from the phytosociological studies of Mbayngone (2008) . This previous work designated 10 plant communities and provided the flora with the mean cover (MC) of each species within these plant communities. Each species can be represented into one, two, or three strata (herbaceous, shrub, or tree). The herbaceous stratum concerns plant individuals with a height equal to or less than 2 m. The shrub stratum takes into account plant individuals with a height of 2-7 m, whereas the tree stratum concerns plant individuals with a height of more than 7 m. The identification of the plant communities was based on 153 vegetation relevés for the woody layer in a 900-m 2 plot (30 × 30 m 2 ) and 153 vegetation relevés for the herb layer in a 100-m 2 plot (10 × 10 m 2 ). The 100-m 2 plots were inside the 900-m 2 plot. The relevés were placed following a stratified random design using Landsat 193/52 images. Each relevé contained the list of species encountered in a given area and one or more values to characterize the importance of each species in the area (Dagnelie 1965) . The data were analyzed using the methods of detrended correspondence analysis and two-way indicator species analysis. The following 10 plant communities were described by Mbayngone (2008) , based on the soil moisture and topography: Anogeissus leiocarpa and Rottboellia cochinchinensis; Hyparrhenia glabriuscula and Sorghastrum bipennatum; Crossopteryx febrifuga and Schizachyrium sanguineum; Terminalia avicennioides and Schizachyrium rupestre; Acacia dudgeoni; Acacia gourmaensis and Andropogon fastigiatus; Acacia hockii and Chasmopodium caudatum; Andropogon chinensis and Gardenia ternifolia; Vitellaria paradoxa and Hyparrhenia smithiana; and Combretum nigricans and Hyparrhenia involucrata. Each plant community corresponds to a specific ecosystem with descriptive characteristics ( Table 1) .
Assessment of plant communities' potential services
The concept of plant community is difficult to elucidate at the local population level. The organization of species in a plant community complicates the assessment of plant communities' services. The individual species are easily recognizable compared with the plant communities (Guinochet 1973) , and local populations can more easily quote the usefulness of a species than that of a plant community. In this context and due to the lack of an appropriate method to assess the potential services of plant communities in the reserve, an original method was developed for this study. An increasing body of literature concerns the quantification and mapping of ecosystem services. Despite these advances, the sources of information and modeling methods for ecosystem services are diverse, and in the majority of these studies, detailed methodological information is missing (Martínez-Harms & Balvanera 2012).
The number of times a species is mentioned for a given service during the survey is related to its importance or its perceived ability to provide the service. The weight of a species for a service that characterizes the species' importance in the service can then be calculated with the following equation:
where Ps i is the weight of species i for service s, Ns i is the number of quotations of species i in service s, and
Nt is the total number of quotations of all species in service s.
The intersection of the woody species quoted by informants with those found in the floristic list of the reserve in the phytosociological study of Mbaygngone (2008) was used to classify the plant communities. All four categories of ecosystem services were considered to demonstrate the real potential services of the reserve to enhance conservation measures. The representativeness of the species to their respective plant communities was then taken into account. A plant community consists of several species, and some species are more prevalent than others in the community. Species with similar representativeness in the different communities received the same weight in terms of service provision. Some species are exploited more in a given area where they are abundant than in another area where they are less abundant (Krohmer et al. 2006 ). The services delivered by the species of a plant community are closely linked to the availability of the species. For example, ten productive individuals of Adansonia digitata provide more leaves for human consumption than two individuals. Therefore, the contribution Cs i of species i to the weight Ps g of a plant community for service s was assessed. Cs i is related to the species abundance in the plant community, and this amount is represented in this study by the MC. If a species is recorded in several strata (herbaceous, shrub, and tree) in its plant community, the stratum with the maximum MC was used to determine the maximum contribution of the species in its plant community. Indeed, each stratum can provide services. In addition, the strata covers overlap each other, and some covers will be double-counted if all strata are used.
where Ps g is the weight of a plant community g in a service s, which characterizes its importance for this service. The Ps g of a plant community g in service s is the sum of the whole contribution Cs i of its woody species:
It must be recognized that the relative weights computed for plant community potential services, are biased by the fact that our assessment considered only woody species.
Example of calculation
The example calculation of the species weight value in Appendix 1 (Supplemental material) Table S2 shows six species and the number of quotations each received in the category of provisioning services (here, the provisioning of food, firewood, and medicine). Based on this Supplemental material, the weight of Anogeissus leiocarpa for the provisioning services can be calculated using Equation (1): Ns i = 46 and Nt = 196 thus, Ps i = 46/ 196 = 0.23. Using Equation (2), the Cs i of Anogeissus leiocarpa for provisioning services to the Ps g of the Anogeissus leiocarpa and Rottboellia cochinchinensis community in provisioning services is (46/196)*11.13 = 2.61. For the same species, in the Terminalia avicennioides and Schizachyrium rupestre community, Cs i is (46/196)*0.05 = 0.011.
For each of the two plant communities, the Ps g for the provisioning services is the sum of the contribution of the species calculated by Equation (3).
The example calculation of the plant community weight values in Appendix 1 (Supplemental material) Table S3 shows that the Ps g for the Anogeissus leiocarpa and Rottboellia cochinchinensis community for provisioning services is 2.80. This example also shows that the value of Ps g for the provisioning services equals 4.11 for the Terminalia avicennioides and Schizachyrium rupestre community.
Results
Indigenous knowledge on species services
According to the indigenous knowledge, 77 woody species belonging to 57 genera and 27 families provide approximately 20 services divided into the 4 service categories ( Table 2) . The main families are indicated, and all remaining families that comprise less than 3% of the total are grouped into the category 'others' (Figure 3 ).
Provisioning services
This category of services is provided by 65 species, which correspond to 84.42% of all quoted species (77) ( Table 2) . The quotation percentages for each species that delivered provisioning services are shown in Appendix 1 (Supplemental material) Table S1. The main firewood species were Combretum glutinosum and Anogeissus leiocarpa, but notably, all of the woody species are used as firewood except Stereospermum kunthianum, Adansonia digitata, Tamarindus indica, and Sterculia setigera.
Regulating services
Approximately 27 species were quoted, corresponding to 35.06% of the quoted species (Table 2 ). The quotation percentages for each species in the three services in this category are presented in Appendix 1 (Supplemental material) Table S1 .
Supporting services
The supporting services are provided by approximately 22 species, which correspond to 28.57% of the whole species pool (Table 2) . Ficus sycomorus and other species were the providers of the shade used by wild animals for shelter or resting. Local peoples also use the shade of Vitellaria paradoxa, Ficus sycomorus, and other species (Appendix 1 (Supplemental material) Table S1 ).
Cultural services
Approximately, 58 (75.32%) species contribute to cultural services (Table 2) . For example, many species are quoted in circumcision ceremonies. The main species are Vitellaria paradoxa, Parkia biglobosa, and Tamarindus indica. Tamarindus indica and Vitellaria paradoxa are also employed in the enthronement of village headmen. During funerals, Tamarindus indica is used for washing mortal remains, whereas Sclerocarya birrea and Vitellaria paradoxa are used as gravestones. Crotalaria naragutensis and Crossopteryx febrifuga serve as a local positioning system. Local peoples also quoted a number of species as soil fertility indicators (Appendix 1 (Supplemental material) Table S1 ). Combretum glutinosum, Guiera senegalensis, and Lannea acida were all quoted at 4% as indicators of poor soil conditions.
Potential services of plant communities
The potential services of plant communities were assessed using the Ps g formula of Equation (3). The weight of the Acacia gourmaensis and Andropogon fastigiatus community was highest (Ps g = 1.78) for the provisioning services. This community is followed by the Terminalia avicennioides and Schizachyrium rupestre community (Ps g = 1.72). The weights of the Hyparrhenia glabriuscula and Sorghastrum bipennatum community and the Combretum nigricans and Hyparrhenia involucrata community are the lowest for the provisioning services, that is, Ps g = 0.49 and Ps g = 0.82, respectively. The weights of the Terminalia avicennioides and Schizachyrium rupestre community are the highest for regulating services (Ps g = 2.51) and cultural services (Ps g = 4.28). The weights of the Andropogon chinensis and Gardenia ternifolia community are the second highest for both of these ecosystem service categories. The Ps g value of this plant community for the regulating services is 2.40, and the corresponding value for the cultural services is 3.81. For supporting services, the weights of the Andropogon chinensis and Gardenia ternifolia community and the Vitellaria paradoxa and Hyparrhenia smithiana community are the highest at approximately Ps g = 1.93 and Ps g = 1.91, respectively. The weights of the Combretum nigricans and Hyparrhenia involucrata community are the lowest for regulating services (Ps g = 0.33), supporting services (Ps g = 0.19), and cultural services (Ps g = 1.18) ( Table 3) .
Discussion
Uses and species services
Local populations intensively use woody species. In terms of firewood provisioning, fuel wood is widely agreed to be of major importance to poorer countries and to the poor within those countries (Pearce 2001) . In the study zone, the main firewood species belong to the Combretaceae family. The informants explained that these species are mainly used because they burn without much smoke. Thiombiano et al. (2002) also emphasized the prevalence of the species of this family as firewood in a study on the Gourmantché ethnic group. However, Kristensen and Balslev (2003) mentioned five different preferred firewood species (Vitellaria paradoxa, Detarium microcarpum, Pterocarpus erinaceus, Anogeissus leiocarpa, and Hymenocardia acida) with only one species from the Combretaceae family in a study of the Gourounsi ethnic group (southern Burkina Faso). Thus, firewood preferences varied according to ethnic groups. The two most preferred firewood species also overlap with the two most preferred species for construction. Anogeissus leiocarpa is an important firewood species, but it is also suitable for construction due to its resistance to termite attacks. People prefer trees with straight trunks and consistent wood for construction purposes (Lykke 2000) , as observed in the wood of Anogeissus leiocarpa. The present results concur with the findings reported by Kristensen and Balslev (2003) , who also found an overlap of the five most preferred species for firewood and the five most preferred species for construction in the Gourounsi ethnic group. This observation is also supported by Lykke et al. (2004) , who found a significant correlation between firewood and construction species for the Fulani ethnic group in the Sahel of Burkina Faso. Many species were important for medicinal purposes (Lykke 2000; Thiombiano et al. 2002; Kristensen & Balslev 2003; Taïta 2003) . Indeed, more species were quoted for medicinal uses than for any other provisioning service. According to the informants, all species can be used for medicine, but their use depends on local knowledge; even those species not quoted could potentially provide medicinal services. Lykke (2000) argued for the importance of species diversity to medicinal services, because each species serves a different purpose. Furthermore, the use of a single species is often not sufficient for the treatment of disease. Plant species are often used in association with other species for treatment, often with the organs of wild animals. However, this type of knowledge is often a well-kept secret among local groups (Thiombiano et al. 2002; Sieglstetter & Wittig 2002; Ouôba et al. 2006 ). Plants also provide information about the environment. Thiombiano et al. (2002) observed soil fertility indicator species. In Senegal, local people commonly believe that large trees attract rain and that rain will be plentiful if large trees are abundant (Lykke 2000) . This point of view partially agrees with the present results. Additionally, woody species can be used for orientation. For example, the informants explained that the upper sides of the limbs of Crotalaria naragutensis indicate the direction of the sun, even if the sky is cloudy. Crossopteryx febrifuga also displays a split on its trunk that always faces toward the west.
People base cultural knowledge on plants, and children are educated with tales from the bush. For example, Acacia gourmaensis provides a regulation service (windbreak). According to the local people, the windbreaking power of the species is linked to its thorns. The winds are aroused by sorcerers and are driven by evil spirits with the objective to destroy. Acacia gourmaensis breaks the wind because evil spirits fear going across its thorns. The windbreak service of the species is combined with this cultural lesson in a multifaceted service. This finding is corroborated by Costanza et al. (1997) and De Groot et al. (2002) , who argued that ecosystem services and functions do not necessarily show a one-to-one correspondence. In some cases, a single ecosystem service is the product of two or more ecosystem functions, whereas a single ecosystem function contributes to two or more ecosystem services in other cases.
The bush reminds local peoples of their long-lasting culture. Africans worship some species (Malan 2009) , and these species are therefore rejected as firewood. More than 80% of the Gourmantché are animists and make sacrifices at places of worship, which are often located in sacred woodland (Thiombiano et al. 2002) . Species used for forecasting the weather and the next harvest allow local peoples to manage their food and enhance production control. Plants also provide a pleasurable living environment, granting aesthetic value to the landscape. Many ornamental species are derived from wild plants.
Potential services of plant communities
According to Luck et al. (2009) , there is a need to 'identify and quantify the organisms and their characteristics that provide services, and determine how changes in these organisms affect service provision' when delineating and quantifying the contribution of organisms and ecological systems to service provision. In accordance with this message, the 77 woody species are the key service providers at the local scale. These species are quantified by their abundance and characterize the plant communities. Thus, the assessment of the potential ecosystem services delivered by plant communities requires three parameters: the plant community's woody species richness, usefulness, and their abundance (the MC). The combination of these parameters defines the value of the weight of each plant community for each category of ecosystem services. Each change on the characteristics of the plant communities (woody species richness and abundance) will affect the delivery of services on the local scale. Luck et al. (2003) previously argued that species populations are the fundamental unit contributing to services at the local level and changes in population characteristics have implications for service provision.
The current study demonstrates these underpinnings of service provision. The results reveal that the Terminalia avicennioides and Schizachyrium rupestre and the Andropogon chinensis and Gardenia ternifolia communities have the higher weights for ecosystem services and then, appear to be potentially the most important plant communities in the region. This importance causes their vulnerability due to their likely intense use by people. The higher weights for ecosystem services observed in these plant communities are due to the high abundance of the most useful woody species. For example, Anogeissus leiocarpa, Vitellaria paradoxa, and Combretum glutinosum are the most important useful woody species and contribute heavily to the provisioning services. Vitellaria paradoxa and Combretum glutinosum are both abundant, whereas Anogeissus leiocarpa is rare in the Terminalia avicennioides and Schizachyrium rupestre community. However, in the Andropogon chinensis and Gardenia ternifolia community, Vitellaria paradoxa and Combretum glutinosum are abundant (but less than the previous plant community), and Anogeissus leiocarpa is absent (Mbayngone 2008) . Thus, the useful woody species in the Terminalia avicennioides and Schizachyrium rupestre community are most abundant. This abundance leads this plant community to be potentially most important for the provision of the four ecosystem services. It is followed by the Andropogon chinensis and Gardenia ternifolia community.
Still, the results expose that the weights of the Combretum nigricans and Hyparrhenia involucrata and the Hyparrhenia glabriuscula and Sorghastrum bipennatum communities are lesser for ecosystem services. In the case of the Combretum nigricans and Hyparrhenia involucrata community, the woody species MC is high, but their richness is low. Indeed, this plant community is characterized by the prevalence of Combretum nigricans on the other woody species (Mbayngone 2008) . Therefore, relatively few useful woody species are present in this plant community. Conversely, the Hyparrhenia glabriuscula and Sorghastrum bipennatum community is a grassland community with a relatively low level of woody species cover. The low woody species richness in the Combretum nigricans and Hyparrhenia involucrata community and the low level of woody species cover in the Hyparrhenia glabriuscula and Sorghastrum bipennatum community prevent them from contributing more to the weights for ecosystem services.
However, these plant communities have important herbaceous species despite their low level of woody species richness and cover. The services provided by woody species do not imply that herbaceous species could not provide services. Herbaceous species provided various services such as construction material, fodder, handicraft, veterinary, and medicine. For example, Rottboellia cochinchinensis, Schoenefeldia gracilis, Andropogon gayanus, and Hyparrhenia rufa are employed for house thatch and for basket making (Mbayngone and Thiombiano 2011) . Furthermore, Wondimu et al. (2007) indicate that herbaceous species are used in fever, cough, asthma, stomach and abdominal disorders, jaundice, rheumatism, and joints pain treatment. They documented 18 medicinal plant species of veterinary use. Among these species, herbs claim the largest number. The numerous services provided by herbaceous species prove that the grassland communities also play an important role for plant community services. However, this study has not considered herbaceous species and is unable to quantify the importance of herbaceous species in the weights for plant community services. Despite the importance of herbaceous species, woody species provide the highest services (Wondimu et al. 2007 ). Furthermore, herbaceous species are not in permanence and cannot provide services during all the year.
The reserve typically represents the natural vegetation of the Sudanian zone. This natural vegetation was also noticed in the surrounding areas of the reserve in the past. However, the plant communities outside the reserve are degraded due to human overexploitation. They were transformed into croplands, fallows of different ages, nonarable savanna sites, and small buffer areas. Therefore, the plants communities described by Mbayngone (2008) have disappeared outside the reserve. Thus, the above three parameters of the plant communities for the delivery of services are not sufficient to provide such ecosystem services outside the reserve.
Conclusions and implication for conservation
The Gourmantché ethnic group lives in a close relationship with woody species. Woody species provide approximately 20 services to the local population. The 77 woody species quoted by informants are the key ESPs and delineate the ESPs on the local scale. The well-being of local communities will decrease if these ESPs disappear from the region. This study also highlights the importance of plant communities for the well-being of local peoples in the context of the ecosystem service approach. The weight of the plant communities for each individual service varies according to three parameters: plant community's woody species richness, usefulness, and their abundance. This study presents a framework for investigating the importance of plant communities and offers guidance for informed decisions on plant community management. The results provide important insights into how scientists may deter habitat loss using the ecosystem service approach. Past studies have focused on the importance of single species, such as Vitellaria paradoxa, and on their conservation. In the present study, both single species services and plant community services were assessed.
The most vulnerable plant community could be determined by locating the one that provided the most services. This paper addresses two important aspects of conservation: the needs of the local peoples and biodiversity (useful species richness and their abundance in the plant communities). These two aspects must be considered to sustain the capacity of an ecosystem to deliver its desired services on a continual basis. The needs of the local peoples and biodiversity constitute a framework to improve the management both inside and outside the reserve which allows the sustainable use of natural resources. Plant communities inside the reserve contain the ESPs. Thus, the plant communities outside the reserve can be managed by reintroducing the concerning ESPs. As such, the plant communities outside the reserve will also provide the services provided by the reserve for the people's well-being. Plant communities can serve as indicators of the state of the environment, demonstrating whether equilibrium is maintained or degraded (Mbayngone 2008) . Furthermore, plant communities are responsible for a complex cycle of biochemical and biophysical processes and strongly interact with neighboring communities (Swift et al. 2004) . Therefore, the conservation of biodiversity should not only focus on single species but also on the management of all the plant communities.
Supplemental material
Appendix 1 is available online as supplemental material, alongside Tables S1-S3.
